Seasonal changes in egg parasitism and predation rates on sentinel (laboratory-reared) and wild (naturally occurring) egg masses of the squash bug, Anasa tristis (De Geer), were evaluated in squash fields in Maryland from June through September in 2013 and 2014. Rates of egg parasitism were significantly higher on wild egg masses than on sentinel egg masses. Squash bug nymphal emergence was significantly higher on sentinel egg masses than on wild egg masses. Between the first week of July and the first week of September of both survey years, squash bug nymphs emerged from 24.2% of wild eggs compared with 46.2% of sentinel eggs and parasitoids emerged from 55.7% of wild eggs compared with only 21.8% of sentinel eggs. Sentinel egg masses significantly underestimated the rate of natural egg parasitism. The egg parasitoid, Gryon pennsylvanicum (Ashmead), was responsible for over 99% of parasitism of squash bug eggs. There was a significant negative correlation between parasitoid emergence and nymphal emergence, suggesting that parasitoids were able to suppress squash bug populations. The average rate of parasitoid emergence peaked on wild egg masses on the fifth week of July at 72.8%, whereas the average rate of nymphal emergence from wild egg masses was <20% from the fifth week of July until the first week of September. These results demonstrate that G. pennsylvanicum was able to efficiently track wild squash bug eggs throughout the season and that it has the potential to be an effective biological control agent of the squash bug in Maryland.
The squash bug, Anasa tristis (De Geer), is a serious pest of crops in the family Cucurbitaceae (Fargo et al. 1988 , Edelson et al. 2003 . Because the squash bug is a vector of cucurbit yellow vine disease (Bruton et al. 2003 , Wayadande et al. 2005 , it is of critical importance to develop effective methods of pest control to prevent this disease from causing severe crop damage. The squash bug is difficult to control with insecticides because eggs are laid continuously during the growing season, squash bugs are often protected from insecticidal sprays due to their location on plants, and because adults and late-instar nymphs have some degree of resistance to registered insecticides (Nechols 1987 , Olson et al. 1996 , Capinera 2001 . There is also growing concern about the use of insecticides in vegetable crops due to concerns about their adverse effects on human health, the environment, and beneficial insects.
Studies have found insecticide residues in the pollen and nectar of squash plants (Dively and Kamal 2012, Stoner and Eitzer 2012) .
The use of trap crops has been evaluated as a management strategy to control squash bugs and reduce insecticide use. In a study using the cultivar, lemondrop, Cucurbita pepo L., as a trap crop, the trap plants attracted >90% of estimated squash bug populations in cantaloupe and watermelon crops, but the trap plants were less effective in squash (Pair 1997) . In another study using C. pepo as a trap crop in watermelon, there was only a significant reduction in squash bug populations in one of the three years in plots with trap crop treatments compared with plots with standard insecticidal treatments, but there was a significant reduction in squash bug populations in plots with the trap crop treatment compared with untreated plots (Dogramaci et al. 2004) .
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The market for organically grown produce is increasing (National Agricultural Statistics Service [NASS] 2010). Organic growers of squash are interested in finding methods of biological control to manage pest populations of the squash bug (Schmidt et al. 2014) . There are numerous generalist arthropod predators that attack squash bugs (Snyder and Wise 2001, Schmidt et al. 2014 ). Very few studies have examined egg predation of squash bugs. In four experiments conducted in Kentucky, egg predation rates were low, ranging from 2-7% of eggs (Decker and Yeargan 2008) . However, in another study, there were significantly higher numbers of squash bugs in plots with lower egg predation rates, indicating that egg predation can have a significant effect on squash bug population densities (Harmon et al. 2003) .
Egg parasitoids can be effective biological control agents due to their ability to prevent emergence of the pest, their relative specificity, and their high degree of host-searching efficiency. The primary egg parasitoid of squash bugs is Gryon pennsylvanicum (Ashmead) (Hymenoptera: Platygastroidea: Scelionidae) (Nechols et al. 1989; Vogt and Nechols 1993a, b; Olson and Nechols 1995; Olson et al. 1996; Decker and Yeargan 2008) . In previous research from other regions, egg parasitism was not an effective method for controlling squash bugs. Natural populations of G. pennsylvanicum were low and egg parasitism only occurred late in the season (Schell 1943 , Olson et al. 1996 , Decker and Yeargan 2008 .
The objectives of this study were to examine seasonal differences in egg parasitism and predation rates on sentinel (laboratory-reared) and wild (naturally occurring) egg masses of squash bugs in Maryland and to evaluate the potential of egg parasitism and predation to suppress squash bug populations. This study also compared rates of egg mortality in sentinel and wild egg masses. Sentinel egg masses are frequently used to provide information on egg predation, egg parasitism, and the species composition of egg parasitoids (Haye et al. 2015 , Talamas et al. 2015 . Sentinel egg masses might underestimate parasitism rates due to the absence of cues used by parasitoids in their search for eggs. For instance, G. pennsylvanicum appears to use kairomones from the male leaf-footed bug, Leptoglossus australis (F.) (Hemiptera: Coreidae), in its host-searching process (Yasuda and Tsurumachi 1995) . In a direct comparison of sentinel versus wild egg masses of the invasive brown marmorated stink bug, Halyomorpha halys Stå l (Hemiptera: Pentatomidae), egg parasitism rates by several native parasitoids, Anastatus spp (Hymenoptera: Eupelmidae), Trissolcus brochymenae Ashmead, and Telenomus podisi Ashmead (Hymenoptera: Scelionidae), were significantly higher on wild egg masses than on sentinel egg masses (Jones et al. 2014 ).
Materials and Methods

Squash Field
Squash fields were located at the Beltsville Agricultural Research Center, Beltsville, MD. The fields had been planted with winter rye as a cover crop and were tilled before planting squash seeds in rows with a 0.3 m distance between rows. The fields were planted in a mixed planting of seeds from different cultivars (Plato, Sunburst, and Crookneck) of Cucurbita pepo L. In both 2013 and 2014, two squash fields were planted within 50 m of each other. The first squash field (50 by 100 m 2 in 2013 and 30 by 90 m 2 in 2014) was planted in mid May, and egg masses were collected from this field from June through August. The second field (25 by 195 m 2 ) was planted in late June, and sentinel egg masses were placed in this field during the month of September due to senescence of plants in the first squash field. Only two wild egg masses were found in September in 2013, and none were found in 2014. Squash fields were bordered on one side by a creek with a woodland habitat. The first squash field was adjacent to fields of corn and pepper. The second squash field was adjacent to recently plowed and fallow fields.
Wild Egg Masses
Wild egg masses were monitored weekly from late June until mid September in 2013 and 2014. Every Monday, a $5-by 10 -m area in the interior of the squash field at least 10 m from any border was searched intensively and all squash bug egg masses that were laid over the weekend were removed. Every Tuesday and Wednesday, the location of newly laid egg masses ( 24 h old) were marked with ribbon tied to the squash plant. A stake flag was placed in the ground adjacent to each plant containing a wild egg mass. The number of eggs in each egg mass was recorded at the time egg masses were marked in the field. Because wild egg masses were available to parasitoids and predators as soon as they were laid, they were collected 48 h after they were marked. At the time of collection, wild egg masses had been in field for 48-72 h. The total number of wild egg masses collected varied throughout the season depending on the number of freshly laid wild egg masses that were found in the field on the sampling dates (Table 1) .
Sentinel Egg Masses
Fresh squash bug egg masses ( 24 h old) were collected from a laboratory colony maintained at the Beltsville Agricultural Research Center (BARC), Beltsville, MD, in an incubator (26 C and a photoperiod of 16:8 [L:D] h); no frozen egg masses were used in this study. The laboratory colony was maintained on cuttings of two cultivars (Slick Pik and Dunja) of Cucurbita pepo, grown in the greenhouse and on fruit of summer squash purchased at a local organic market. Females laid their eggs on leaves of squash plants placed in containers. The number of sentinel egg masses placed in the field each week varied, depending on the availability of freshly laid egg masses from the laboratory colony. For each sampling date, between four to six sentinel egg masses were placed in the field, with the exception of three sampling dates when one, two, and seven egg masses, respectively, were placed in the field (Table 1) . A small square of a leaf containing an egg mass was cut out and attached to a square of filter paper using a nontoxic glue stick (UHU stic, Saunders, Readfield, ME), and the edges of the leaf were covered with tape (Scotch, St Paul, MN) to minimize the exposed area of the leaf. The number of intact eggs in each egg mass was recorded prior to field placement. Sentinel egg masses were placed on one of the upper leaves of each plant in the field. The filter paper containing each egg mass was placed on the underside of a leaf using two insect pins to attach the substrate to the leaf (Fig. 1) . A stake flag was placed in the ground adjacent to each plant containing a sentinel egg mass so that the sentinel egg masses could be recovered. Sentinel egg masses were placed on plants in the interior of the squash field at least 10 m from any border in a separate area of the field from the area where wild egg masses were monitored. Sentinel egg masses were placed at least 3 m apart and left in the field for $72 h. If sentinel egg masses had been collected after 48 h, all of the wild egg masses would have been exposed to parasitoids and predators for a longer period of time than sentinel egg masses. By leaving sentinel egg masses in the field for 72 h, most of the sentinel egg masses were exposed to parasitoids and predators for a longer period of time than wild egg masses.
Nymphal Emergence, Parasitoid Emergence, and Predation Rates
After field collection, wild and sentinel egg masses were examined under a microscope. The number of intact eggs, the number of eggs exhibiting signs of damage by chewing predators, and the number of eggs exhibiting signs of being damaged by sucking predators (collapsed eggs) were recorded. Any egg masses with intact eggs were placed in the incubator (26 C and a photoperiod of 16:8 [L:D] h) for at least a month to record squash bug nymphal and parasitoid emergence. Emerged parasitoids were placed in vials with 95% alcohol for later identification.
Parasitoid Identification
Specimens were identified to species using the key in Masner (1983) and by direct comparison with specimens housed in the National Insect Collection (NIC, National Museum of Natural History, Smithsonian Institution, Washington DC). All parasitoid specimens Table 1 . Number of egg masses collected, total and mean (6SE) number of eggs marked (wild) or placed (sentinel) in the field, and total number of eggs with nymphal and parasitoid emergence or predation damage for weekly collections from 2013 and 2014
Week were deposited as vouchers in the NIC, either as pinned specimens or ethanol vouchers.
Statistical Analysis
In order to determine whether there was a difference in the total number of eggs per egg mass deposited by female squash bugs between wild and sentinel egg masses, the total number of eggs per egg mass in wild and sentinel egg masses at the time of field placement and marking was compared using a Kolmogorov-Smirnov two-sample test. The proportion of total eggs per egg mass with nymphal emergence, parasitoid emergence, predation damage, or no emergence or damage was calculated for each egg mass. The proportion of eggs exhibiting nymphal emergence, parasitoid emergence, predation, and no emergence or damage (unknown egg mortality) was compared separately for wild and sentinel egg masses using a Kolmogorov-Smirnov two-sample test. A linear regression test was used to determine if the total number of eggs per egg mass influenced the rate of parasitoid or nymphal emergence for both wild and sentinel egg masses. A linear regression was also used to evaluate the effects of parasitism and predation on nymphal emergence by comparing the total number of eggs with either parasitoid emergence or predation with the total number of eggs with nymphal emergence for both wild and sentinel egg masses (Systat Software 2008). Weekly differences and differences per year in nymphal emergence, parasitoid emergence, and predation rates of total number of eggs per egg mass of wild and sentinel egg masses were compared using a Kruskal-Wallis ANOVA on ranked sums and means were separated using a Dunn's method of pairwise comparison (Systat Software 2008).
Results
In total, 185 wild egg masses were marked and collected and a total of 131 sentinel egg masses were placed in the field and collected over both survey years. Sentinel egg masses were placed in the field for a period of 15 wk (the second week of June through the end of September), but wild egg masses were only found in the study area on the sampling days for a period of 10 wk (first week of July through the first week of September; Table 1 ). Numbers of eggs laid by squash bugs per egg mass varied widely from a single egg laid on a leaf up to a cluster of 44 eggs on a leaf with an overall mean (6SE) of 15.57 6 0.50 eggs per mass (sentinel egg masses: 16.18 6 0.71; wild egg masses: 15.15 6 0.69). There was no significant difference in the total numbers of eggs per egg mass between wild and sentinel egg masses (Kolmogorov-Smirnov two-sample test; P > 0.05). Both parasitoids and nymphs often emerged from eggs in the same egg mass. There were also cases where either nymphs or parasitoids emerged from egg masses where some of the eggs had been damaged by predators. Parasitoids only emerged from sentinel egg masses from the third week of July until the first week of September when wild egg masses were found in the squash fields (Table 1) .
The primary parasitoid of squash bug eggs was G. pennsylvanicum, accounting for 1,781 parasitoids out of a total of 1,789 (373 from sentinel eggs and 1,416 from wild eggs), whereas only eight individuals were identified as either Anastatus reduvii Howard (two wasps) or Ooencyrtus anasae Ashmead (six wasps). There was no significant correlation between total number of eggs per mass and the rate of either parasitoid emergence or nymphal emergence for sentinel egg masses (Table 2 ). However, there was a significant negative correlation between total number of eggs per egg mass and the rate of parasitoid emergence for wild egg masses (Table 2) . Of the 14 wild egg masses with three or less eggs per mass, parasitoids emerged successfully from a mean (6 SE) of 71.4% 6 11.5 of these egg masses. Parasitoids were highly efficient at finding and successfully completing development in egg masses containing three eggs or less.
There was a significant negative correlation between nymphal emergence and parasitoid emergence for both wild and sentinel egg masses (Table 2 ). There was no correlation between nymphal emergence and predation for either wild or sentinel egg masses (Table 2) .
When collections of either wild or sentinel egg masses were compared separately for each year, there were no differences in nymphal emergence, parasitoid emergence, or predation rates between the two years. However, there were significant differences between wild and sentinel egg masses in each year for nymphal emergence (H ¼ 28.7; P < 0.001) and parasitoid emergence (H ¼ 83.3; P < 0.001), but not for predation (H ¼ 7.3; P ¼ 0.06). Nymphal emergence was significantly higher for sentinel egg masses in 2014 than for wild egg masses in both years and for sentinel egg masses in 2013 compared with wild egg masses collected in 2014. Parasitoid emergence was significantly higher for wild egg masses compared with sentinel egg masses in both years (Fig. 2) . Overall, nymphal emergence from sentinel egg masses (48.6 6 3.7%) was significantly greater than from wild egg masses (24.2 6 2.6%; Kolmogorov-Smirnov two-sample test; P < 0.001). Parasitoid emergence from wild egg masses (55.7 6 3.0%) was much higher than from sentinel egg masses (15.2 6 2.6%) even though most of the sentinel egg masses were exposed in the field for a longer period of time (Kolmogorov-Smirnov two-sample test; P < 0.001). Predation rates were low on both sentinel (4.1 6 1.6%) and wild (5.2 6 1.3%) egg masses and were not significantly different on wild egg masses than on sentinel egg masses (Kolmogorov-Smirnov two-sample test; P ¼ 0.52). The proportion of eggs with unknown egg mortality was significantly greater on sentinel egg masses (32.1 6 3.3%) than on wild egg masses (15.0 6 2.0%; Kolmogorov-Smirnov two-sample test; P < 0.001; Fig. 3 ). Unknown egg mortality most likely included a combination of eggs containing undeveloped squash bug nymphs and eggs containing undeveloped parasitoids.
Because parasitoids only emerged from sentinel egg masses when wild egg masses were collected in squash fields, differences in nymphal emergence and parasitoid emergence rates between wild and sentinel egg masses were compared during the 10-wk period when wild egg masses were collected. During the 10-wk period, nymphal emergence (46.2 6 4.5%) on sentinel egg masses was significantly higher (Kolmogorov-Smirnov two-sample test; P < 0.001) than on wild egg masses, and parasitoid emergence (21.8 6 3.6%) was significantly lower (Kolmogorov-Smirnov two-sample test; P < 0.001) on sentinel egg masses than wild egg masses.
For wild egg masses, there were significant differences in the weekly rates of nymphal emergence (H ¼ 31.0; P < 0.001) and parasitoid emergence (H ¼ 21.7; P ¼ 0.01), but not predation rates (H ¼ 9.3; P ¼ 0.41). Nymphal emergence was 100% in the four egg masses collected in the first week of July. The rate of nymphal emergence was significantly greater in the first two weeks of July than in the first week of August (Kruskal-Wallis ANOVA: Dunn's method of pairwise comparison; Fig. 4A ). There was only a significant difference in parasitoid emergence between the first week of July when no parasitism was recorded and the fifth week of July when peak parasitoid emergence occurred (Kruskal-Wallis ANOVA: Dunn's method of pairwise comparison; Fig. 4B ).
When weekly rates of nymphal emergence and parasitoid emergence were compared for sentinel egg masses over the 10-wk period when wild egg masses were found in the field, there were no significant differences in the rates of nymphal emergence per week (H ¼ 15.1; P ¼ 0.09; Fig. 5A ). However, there was a significant difference in rates of parasitoid emergence per week (H ¼ 21.5; P ¼ 0.01). Parasitoid emergence was significantly higher during the first week of August than the first two weeks of July (Fig. 5B) . The mean (6 SE) rate of parasitoid emergence peaked on sentinel egg masses on the first week of August at 58.7 6 12.1%. Predation rates on sentinel egg masses were too low to detect weekly differences (H ¼ 16.2; P ¼ 0.30). In a comparison of seasonal trends in nymphal emergence and parasitoid emergence for wild egg masses and sentinel egg masses, rates of parasitism were consistently high on wild egg masses throughout the season with the exception of the first week of July, and mean (6 SE) rates of nymphal emergence were only 6.7 6 3.5% in the first week of August and 2.6 6 2.6% in the fourth week of August. In contrast, on sentinel egg masses, rates of parasitism were only high during the first week of August and the mean (6 SE) rate of nymphal emergence peaked in the third week of August at 73.8 6 11.3% (Fig. 6) . Table 2 . Linear regression of the total numbers of eggs per egg mass and the rate of either parasitoid or nymphal emergence from egg masses and a linear regression of the total number of eggs with nymphal emergence per egg mass and the total number of eggs with either parasitoid emergence or predation for both wild and sentinel egg masses in both years combined 
Discussion
The significant negative correlation between nymphal emergence and parasitoid emergence indicates that parasitoids were able to suppress squash bug populations. Squash bug nymphs successfully emerged from only 24.2 6 2.6% of wild eggs between the first week of July and the first week of September. During this same time period, nymphs successfully emerged from 46.2 6 4.5% of sentinel eggs. In some cases, parasitoids cause egg mortality without successfully completing development in the host by injecting toxic substances during oviposition. For instance, the ovipositional puncture wound of the parasitoid, Ooencyrtus telenomicida (Vassiliev) (Hymenoptera: Encyrtidae), affected Nezara viridula (L.) (Hemiptera: Pentatomidae) nymphal emergence, with 96% of nymphs emerging from unexposed eggs, compared with 4% of nymphs surviving from eggs punctured by O. telenomicida (Cusumano et al. 2012) . Parasitoids can also cause egg mortality when they fail to emerge successfully after partially or fully completing development in the host egg (Talamas et al. 2015) . Therefore, the overall effect of egg parasitism on squash bug nymphal emergence is most likely higher than the impact that was quantified based solely on the proportion of eggs with emerged parasitoids. Egg predation rates were low on both wild egg masses (5.2 6 1.3%) and sentinel egg masses (4.1 6 1.6%). Egg predation on squash bugs eggs ranged from 2-7% in Kentucky (Decker and Yeargan 2008) . Although most of the sentinel egg masses were exposed to predation for a longer period of time than wild egg masses, there was no significant difference in predation rates between wild and sentinel egg masses. There was no correlation between egg predation and nymphal emergence for either wild or sentinel egg masses, indicating that egg predation was too low to affect squash bug populations.
In addition, there was egg mortality from unknown causes in 32.1 6 3.3% of sentinel eggs compared with only 15.0 6 2.0% of wild eggs. Despite the higher rate of egg mortality, nymphal emergence was still significantly greater in sentinel egg masses than wild egg masses, providing further evidence of the efficacy of G. pennsylvanicum. The high rate of egg mortality from unknown causes in sentinel egg masses may have been due to a lower viability of eggs laid by females from the laboratory colony than naturally occurring eggs. It is also possible that other environmental factors, such as egg desiccation, caused greater mortality in sentinel eggs compared with wild eggs due to the artificial placement of the egg mass on a leaf.
In both survey years, there was no parasitoid emergence from sentinel egg masses during periods of time when wild egg masses were not found. In addition, during the 10-wk period when wild egg masses were collected, the average parasitism rate on sentinel egg masses was 21.8 6 3.6% compared with 55.7 6 3.0% for wild egg masses. Jones et al. (2014) also found much higher rates of parasitism on wild versus sentinel brown marmorated stink bug egg masses.
Host egg age is a factor that could influence the differential rates of parasitism on sentinel and wild egg masses. Wild eggs were available to parasitoids as soon as they were laid, whereas sentinel eggs were laid on plants in the laboratory and placed in the field within 24 h of being laid. There is a decrease in the rates of parasitism by G. pennsylvanicum on squash bug eggs as host eggs age (Nechols et al. 1989 ). However, G. pennsylvanicum showed no preference based on host egg age in choice tests using Leptoglossus occidentalis Heidemann eggs that ranged in age from <24 h to 8 d old (Sabbatini Peverieri et al. 2013) . Other factors, such as the filter paper, tape, or glue, could interfere with the searching ability of the parasitoid or the acceptance of sentinel egg masses as suitable host eggs.
There was a highly significant negative correlation between total number of squash bug eggs per mass and rates of parasitoid emergence for wild egg masses, but not for sentinel egg masses. The lower rates of parasitoid emergence in larger egg masses could be related to the oviposition behavior of the parasitoid. The fecundity of parasitoids is influenced by factors, such as age and host deprivation (Nechols et al. 1989, Vogt and Nechols 1993b) . It is possible that parasitoids failed to oviposit in all of the eggs in larger egg masses. However, if parasitoid oviposition behavior was affected by the size of egg masses, there should have been a correlation of total number of eggs per egg mass and parasitoid emergence in sentinel egg masses as well. Alternatively, it is possible that the oviposition behavior of female squash bugs was influenced by the presence of the parasitoid. Female squash bugs could have aborted deposition of an egg mass when they detected the presence of the parasitoid, resulting in only a single egg or a small number of eggs deposited on a leaf. Many studies have demonstrated that egg parasitoids are able to use kairomones (Borges et al. 1999; Colazza et al. 1999 , Laumann et al. 2009 ), chemicals released from feeding and oviposition activity (Colazza et al. 2004) , and vibratory signals (Laumann et al. 2011 ) of adult stink bugs in order to find host eggs. Egg parasitoids are also able to use kairomones to distinguish between male and female adult stink bugs (Peri et al. 2006 , Colazza et al. 2007 ). Yasuda and Tsurumachi (1995) found that G. pennsylvanicum can use chemicals released from male L. australis, to find host eggs. Therefore, it is possible that G. pennsylvanicum can use chemical cues released from female squash bugs to find host eggs. Future studies on the interaction between G. pennsylvanicum and adult female squash bugs could examine whether parasitoids are able to follow females and evaluate the oviposition behavior of female squash bugs in the presence and absence of G. pennsylvanicum to determine if female squash bugs change their oviposition behavior when they detect the presence of the parasitoid.
There were seasonal differences in both parasitoid and nymphal emergence from wild egg masses. Only four wild egg masses were found in the first week of July, and there was 100% nymphal emergence from those eggs. Parasitoids first emerged from wild egg masses collected during the second week of July and were able to parasitize both wild egg masses collected in September, demonstrating that parasitoids were able to efficiently track wild squash bug eggs throughout the season. The rate of nymphal emergence from wild egg masses was <20% from the fifth week of July until the first week of September. In contrast, there were no seasonal differences in nymphal emergence from sentinel egg masses. Parasitoids first emerged from sentinel egg masses during the third week of July and failed to emerge from any egg masses after the first week of September. The average rate of parasitoid emergence from sentinel egg masses peaked at 58.7 6 12.1% during the first week of August. These results suggest that parasitoids were not able to locate sentinel egg masses in the absence of wild egg masses. Although sentinel egg masses greatly underestimate the rate of egg parasitism, they can provide valuable information on the relative abundance and species composition of egg parasitoids in the squash field over the season.
In the current study, G. pennsylvanicum played an important role in suppression of squash bug populations throughout the season. There may be regional differences in the effectiveness of G. pennsylvanicum as a biological control agent of squash bug pests. Previous research from Kentucky had indicated that egg parasitism of squash bugs was relatively low and that rates of egg parasitism increased over the season. In four studies conducted in 2005 and 2006 using naturally occurring egg masses, G. pennsylvanicum parasitized 0% of eggs in two studies, 15.8% in one, and 31.4% in another. However, nymphal emergence ranged from 62.5 to 94.1%, indicating that G. pennsylvanicum was not an effective biological control agent in Kentucky (Decker and Yeargan 2008) . In pumpkin fields in Kansas, egg parasitism rates due to natural populations of G. pennsylvanicum were very low, and no parasitism of squash bug eggs was observed until late August. Augmentative releases of G. pennsylvanicum were less effective for controlling squash bug pests than insecticidal treatments (Olson et al. 1996) . Because G. pennsylvanicum was able to suppress squash bug populations in Maryland, organic growers may be able to successfully control squash bugs using methods to enhance natural populations of G. pennsylvanicum with the use of flowering plants as a border or as a living mulch. For instance, there is evidence that the use of buckwheat as a living mulch in squash fields can have a significant impact on the natural enemy populations of whiteflies and aphids (Frank and Liburd 2005, Nyoike and Liburd 2010) . The presence of cornflowers in cabbage fields increased parasitism and predation of the cabbage moth, Mamestra brassicae (L.) (Balmer et al. 2014) . The longevity and parasitism rate of the egg parasitoid, Trichogramma atopovirilia Oatman & Platner, was increased in the presence of red clover (Díaz et al. 2012 ). Further studies are needed Fig. 6 . A comparison of seasonal trends during the 10-wk period that wild egg masses were collected in the field in weekly parasitoid emergence and nymphal emergence rates (total eggs per egg mass) for wild and sentinel egg masses for both survey years combined.
to assess the effects of flowering plants on parasitism rates of squash bug eggs.
Alternatively, the efficacy of G. pennsylvanicum as a biological control agent could be improved with the use of augmentative releases. Currently, research is being conducted to explore the potential of G. pennsylvanicum as a classical biological control agent of an invasive conifer seed pest, Leptoglossus occidentalis Heidemann, in Europe (Roversi et al. 2011 (Roversi et al. , 2014 Sabbatini Peverieri et al. 2012) . Gryon pennsylvanicum was considered a good candidate for classical biological control in Europe due to its high fecundity and long-lived adults (Sabbatini Peverieri et al. 2012) . These attributes also make G. pennsylvanicum a good candidate for augmentative releases of G. pennsylvanicum against the native squash bug in North America (Olson et al. 1996) . The results of this study demonstrate that G. pennsylvanicum has the potential to be an effective biological control agent of squash in Maryland.
